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INTRODUCTION: 
 
Many patients with prostate cancer treated with radiotherapy develop erectile dysfunction and urinary morbidity 
induced by exposure to a high dose of radiation. In some cases there are explanations for these reactions, such as 
doses to large volumes of normal tissue or pre-existing medical conditions such as diabetes or collagen vascular 
diseases.  However, there exists an important subset of patients with no clear explanation for excessive post-
treatment morbidity and the potential for a genetic basis must be considered. The purpose of this study is to 
investigate whether the ATM gene plays a role in this radiation sensitivity. This gene was selected, as the protein it 
encodes, plays a critical role in the response of cells to irradiation and the repair of radiation-induced damage. 
Furthermore, cells possessing one mutated copy of this gene are radiosensitive. In addition, the results of a pilot 
study screening breast cancer patients are supportive of the hypothesis that patients who are carriers of an ATM 
mutation are more likely to develop radiation-induced complications.  
 
 The principal goal of this project is to determine whether men who inherit a mutated copy of the ATM gene 
are more prone to the development of radiation-induced erectile dysfunction and urinary morbidity. This has largely 
been accomplished through comprehensive screening of the ATM gene for germline mutations. Several correlations 
have been found between radiosensitivity and ATM heterozygosity, this indicates that possession of a mutated copy 
of the ATM gene results in susceptibility to complications for prostate cancer radiotherapy patients (See table 1 and 
Figure 1). 
 
  

Figure 1.  
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Table 1.  
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In addition, a determination was made as to the pathogenic consequences of each ATM mutation through the use of 
functional studies that examined the ability of the ATM protein to act normally in cells from patients who are 
carriers of a mutation in this gene. These results were largely negative and remain unpublished because of lack of  
clinical application and interest.  I have included a table 2 for direct reference and an extended appendix F with the 
results in their entirety. 
Table 2.  
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This project represents the first study to use the powerful DHPLC mutation screening technique to investigate the 
association between possession of a mutated ATM gene and both erectile dysfunction and the entire clinical course 
of a patient's urinary morbidity after treatment with radiation for prostate cancer. It is also the first study to examine 
whether there is a correlation between the presence of a mutation, development of a radiation-induced complication, 
and impairment of ATM protein function based upon cellular and molecular analyses.  To this end or group 
expanded the initial hypothesis of clinical correlation between side effects and genetic findings to the incidence of 
rectal bleeding. Table 3 contains a summary of patient results and our findings. 
 
Table 3.   Cesaretti JA, Stock RG, Atencio DP, Peters SA, Peters CA, Burri RJ, Stone NN, Rosenstein BS. “A genetically determined 

dose-volume histogram predicts for rectal bleeding among patients treated with prostate brachytherapy.”  Int J Radiat 
Oncol Biol Phys. 2007 May  
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BODY: 
 
My annual report covers the period from 2/1/07 to 1/31/08.  I successfully completed the Mount Sinai Clinical 
Research Training Program, which is sponsored by an NIH K30 Clinical Research Curriculum Award, on 5/30/06.  
In addition to the training plan, regarding the Clinical Research Training Program, I completed additional 
coursework offered by Mount Sinai Medical School and was conferred a masters degree in Clinical Research on 
May 30, 2006.   
 
I spent most of the year writing many scientific articles based upon the Mount Sinai experience using low dose rate 
brachytherapy for the treatment of prostate cancer in addition to other research efforts directed at the treatment of 
both lung and spine cancers.  The articles are referenced in appendix A as reportable outcomes and parts of those 
articles directly of interest to the aims of the grant are referenced above.  In addition to the publication of articles I 
have with my mentor received funding as a co-investigator for a study entitled,” Genome-Wide Association Study to 
Identify SNPs and CNPs Associated with Development of Radiation Injury in Prostate Cancer Patients Treated with 
Radiotherapy”, by the Department of the Army through the Prostate Cancer Research Program synergy award 
mechanism.  I have opened new protocols for the retrospective study of lung brachytherapy and para-spinal 
brachytherapy.  In addition, I will be submitting in early fall an RO-1 application which proposes to prospectively 
study in a phase II clinical design the predictive value of testing for mutations in the ATM gene prior to the initiation 
of therapy. 
 
In addition to articles, protocols and grants, I have made several presentations over the last year as an invited 
speaker and in order to present submitted research papers which I expect to publish in the coming year, they are 
enumerated in appendix B as those accepted for formal oral presentations and in appendix C as abstracts presented 
as either posters, poster discussion and oral presentations.  In appendix D are listed research accomplishments 
directly related to the activities outlined in my training grant.  I have included in appendix E copies of articles 
describing the results of my research and for which I am first author from 2007.  The articles are entitled, “A 
genetically determined dose-volume histogram predicts for rectal bleeding among patients treated with prostate 
brachytherapy”, “Effect of low dose-rate prostate brachytherapy on the sexual health of men with optimal sexual 
function before treatment: analysis at >/= 7 years of follow-up” and “Brachytherapy for Prostate Cancer” (1,2,3).  
 
Based upon the abstracts submitted this year and the works in progress at this point, I expect to be able to complete 
the aims of my research proposal and have them largely published as outlined in the training and to report the results 
of further granting efforts which should sustain my research efforts into the future. 
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KEY RESEARCH ACCOMPLISHMENTS:  
 
Completed 24 months of coursework required for Clinicial Research Training Program and received a Masters 
degree from the Mount Sinai School of Medicine. 
 
I have published in 2007, 8 out of a total of 11, collaborative works with my clinical mentors Richard Stock, M.D., 
and Barry Rosenstein,PhD., regarding the natural history of prostate cancer treated with brachytherapy and the 
genetics of radiosensitivity. 
 
I have established a collaborative effort with the Mount Sinai Department of Urology, which has resulted in the 
formulation of a research question for which we are actively seeking funding through the NIH and DOD.   
 
I have given 7 oral presentations at major research meetings throughout the radiation and urological community in 
America, Japan and Germany. 
 
I presented my findings regarding my research efforts at an oral presentation at the American Society of Therapeutic 
Radiation Oncology (ASTRO) annual meeting in Los Angeles, California in November of 2007, and at least partly 
as a result of my efforts 9 other residents, fellows and faculty presented work which I either inspired or collaborated 
extensively in regarding its content and formulation. 
 
Our research team has been awarded to pursue a project entitled,” Genome-Wide Association Study to Identify 
SNPs and CNPs Associated with Development of Radiation Injury in Prostate Cancer Patients Treated with 
Radiotherapy” through the Department of the Army Prostate Cancer Research Program Synergism Award 
Mechanism.  
 
Presentation of my research findings in Poster format at the Innovative Minds in Prostate Cancer Today (IMPaCT) 
meeting September 5-7, 2007 
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REPORTABLE OUTCOMES: Provide a list of reportable outcomes that have resulted from this research to include: 

10 Manuscripts in 2007 (appendix A) 

7 Oral Presentations in 2007 (appendix B) 

11 Abstracts in 2007 (appendix C) 
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CONCLUSIONS:  
 
My professional training as a translational scientist with and emphasis on prostate cancer treatment is progressing on 
several important fronts.  I have published several articles in medical research journals this year about prostate 
cancer treatment outcomes, the side effect profile of prostate cancer treatment and the genetics of radiation 
sensitivity. 
 
I have completed the K30 Physician Research Training Program and have been conferred a Masters degree in May 
2006 in Clinical Research from the Mount Sinai School of Medicine. 
 
The results of my research project were presented at the ASTRO annual meeting in addition to the work of my 
residents, my research mentors and my junior faculty colleagues. 
 
The research group has been awarded additional funds to study genetic associations between prostate radiotherapy 
and genetic polymorphisms/ mutations. 
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Appendix F 
 

An additional goal of this study was to perform functional assays to determine the effect of ATM sequence 
variants on the function of the ATM protein. This research was accomplished using lymphoblastoid cell lines 
derived from EBV transformed lymphocytes obtained from five subjects who did not exhibit late responses and 
did not possess ATM genetic alterations. For experiments in which p53 phosphorylation was measured, cells 
were irradiated with either 0 or 4 Gy of x-rays and incubated either 0.5 or 2 hr. The densitometric results for 
each time point were divided by the value in each experiment for unirradiated cells to normalize these results. 
Each irradiation was performed a total of three times. The mean values (with standard deviations) for wild type 
cells incubated either 0.5 or 2.0 hr were 3.2+1.7 or 6.9+3.1, respectively. The results for the cell lines 
possessing variants are shown in Tables 1 and 2. In addition, ATM protein levels were measured in each cell 
line in three separate experiments and divided by the average value obtained for the five wild type ATM cell 
lines.  

 

Table 1. Functional Assays of Lymphoblastoid Cells Derived from Subjects Possessing ATM Variants 

Cell Line Radio-

sensi-

tive 

Yes/No 

Nucleotide 

Change 

Amino 

Acid 

Substitu-

tion 

ATM 

level 

Phospho-

p53  

0.5 hr 

Phospho- 

p53  

2 hr 

Normaliz

ed α-

value  

MS01-33 no 4138 C>T 1380 H>Y 1.1+0.6 5.1+4.4 5.4+3.0 1.2±0.2 

MS01-30 No IVS5-7 C>T 

378 T>A 

4578 C>T 

N/A 

126 D>E 

1526 P>P 

0.5+0.3 2.0+1.7 4.5+4.0 1.0±0.4 

MS01-39 Yes 5557 G>A 

5558 A>T 

1853 D>N 

1853 D>V 

1.3±0.9 1.4±1.0 2.7±0.4 1.1±0.5 

MS01-45 No 5557 G>A 1853 D>N 0.4±.04 1.4±.0.6 1.6±1.0 1.3±0.1 

MS01-51 Yes IVS5-7C>T N/A 0.7±0.5 2.5±2.6 9.5±4.5 0.5±.2 



 

 

378 T>A 126 D>E 

MS01-37 Yes 378 T>A 

1176 C>G 

4138 C>T 

126 D>E 

392 G>G 

1380 H>Y 

1.6±0.2 2.1±1.2 2.0±1.2 1.4±0.4 

MS01-67 Yes 4578 C>T 1526 P>P 0.5±.09 4.6±0.8 10.7±3.7 1.2±0.1 

MS01-65 No 5557 G>A 1853 D>N 1.1±0.5 2.7±1.2 10.1+4.0 1.2±0.3 

Ms01-53 No 378 T>A 

1176 C>G 

126 D>E 

392 G>G 

1.0±.0.1 2.5±0.8 6.5±2.1 0.8±0.3 

MS01-07 No 4917 G>A 

5557 G>A 

5558 A>T 

1639 P>P 

1853 D>N 

1853 D>V 

0.8±0.5 0.9±0.7 2.0±1.7 0.5±0.3 

MS01-37 Yes 378 T>A 

1176 C>G 

4138 C>T 

126 D>E 

392 G>G 

1380 H>Y 

1.6+0.2 2.1+1.2 2.0+1.2 1.4±0.2 

MS02-13 YES 378 T>A 

6176 C>T 

126 T>A 

2059 T>I 

1.0+0.2 2.0+1.3 5.1+3.7 1.2±0.2 

MS02-73 YES IVS62+8 

A>C 

N/A 0.8+0.3 4.5+4.0 3.8+1.3 0.8±0.3 

MS01-87 YES 5071 A>C 1691 S>R 1.0+0.5 2.3+1.3 5.0+2.0 0.8±0.1 

MS01-03 NO 2614 C>T 872 P>S 0.7+0.2 1.1+0.8 1.5+0.4 1.2±0.6 
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2685 A>C 895 L>L 

MS01-35 NO 1229 T>C 410 V>A 0.9+0.6 2.9+0.1 5.7+3.7 1.1±0.2 

MS02-34 YES 915 G>C 25 R>P 2.0+1.5 1.5+0.6 1.8+1.1 1.3±0.5 

MS02-05 YES NONE N/A 0.7+0.4 3.1+3.7 4.6+3.7 1.1±0.3 

MS03-13 YES NONE N/A 0.7+0.1 3.6+1.2 7.9+3.8 0.9±0.5 

MS03-48 YES NONE N/A 0.5+0.3 2.4+1.4 6.8+2.1 1.3±0.1 

 
Table 2. Functional Assays of ATM Homozygoyte and ATM Heterozygote Lymphoblastoid Cell Lines 

Cell Line Homozygote 
or 

Heterozygote 

ATM Level Phospho p53 
0.5 hr 

Phospho p53 
2 hr 

Normalized 
α-value for 
radiation 
survival 
curve 

8388 heterozygote 0.7±0.6 1.6±0.2 6.7±2.3 1.5±0.2 
8925 heterozygote 0.7±0.8 1.9±0.4 5.1±0.1 1.4±0.2 
8928 heterozygote 0.8±0.3 3.8±3.5 3.5±2.7 1.7±0.2 
9579 heterozygote 0.5±0.3 2.3±1.3 2.6±0.3 1.1±0.3 
2781 heterozygote 0.7±0.5 3.2±0.6 4.5±4.1 1.6±0.2 
9588 heterozygote 0.5±0.5 6.1±4.0 6.9±2.8 1.2±0.3 
8436 homozygote 0.04±0.06 2.9±1.2 2.8±0.4 1.8±0.3 
9581 homozygote 0.08±0.02 1.5±1.7 4.0±1.6 2.0±0.3 
9582 homozygote 0.05±0.02 2.0±4.4 2.1±0.4 2.2±0.3 
2782 homozygote 0.08±0.05 2.1±3.1 3.1±1.3 2.1±0.3 
1525 homozygote 0.05±0.02 2.6±1.1 3.1±1.2 1.8±0.2 
11254 homozygote 0.09±0.06 1.8±0.1 2.5±0.9 2.3±0.3 
9586 homozygote 0.24±0.22 1.7±1.0 4.3±1.9 1.8±0.4 
13328 homozygote 0.13±0.09 0.6±0.5 2.1±1.3 2.1±0.3 

 
 The results for cells derived from AT patients clearly show a significantly lower level of ATM protein in 
these cells compared with wild type cells. In addition, the levels of p53 phosphorylation are consistently lower than 
those detected in wild type cells. The ATM levels are also consistently lower in the heterozygotes and the levels of 
phosphorylated p53 are also generally lower, although none of these values differed significantly from those 
obtained for wild type cells due to the variation in the results between experiments. There was a variation among the 
cell lines, but no clear pattern emerged that correlated either with the possession of an ATM variant (including the 
5557 SNP) or whether the patient developed a late radiotherapy reaction. Hence, the results of this work suggest that  
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neither measurement of ATM levels nor p53 phosphorylation can serve as a predictor as to whether the patient will 
develop late morbidity following radiotherapy.  

 

The radiosensitivity of each cell line was also determined from the growth response of cells irradiated with 
either 0, 0.5, 1.0 or 2.0 Gy of X-rays by extrapolating the growth curve to the intercept at zero time. The 
radiosensitivity of each cell line was estimated from the α-value (S = e-αD) normalized to the value obtained for wild 
type cells listed in Tables 1 and 2. The α-values for the cell lines derived from AT patients were all significantly 
greater than one. In addition, the α-values for the AT heterozygotes were consistently greater than one, although 
generally not significantly greater. In contrast, the α-values for the cell lines obtained from the breast cancer patients 
were variable and none was significantly greater than one.  

 
 This is not altogether surprising, since clearly none of the patients screened in this study manifested a 
radiation sensitivity approaching that displayed by a person suffering from AT. Any radiosensitive patients likely 
have only a mild radiosensitivity. However, even a slight radiosensitivity is probably sufficient to result the 
development of a late response since the dose used in treating breast cancer represents the tolerance dose. Hence, 
even just a 5-10% increase in radiosensitivity will make the difference as to whether a person will or will not 
develop a radiation complication. It is likely that the subtle changes in ATM protein function that result from the 
variants identified in this study are sufficient to cause these types of very mild changes in protein function. In 
contrast, it is impossible with the techniques currently available to detect such small changes in ATM function using 
the westerns performed in this work to measure ATM levels and p53 phosphorylation. Hence, the results of this 
study indicate that the identification of genetic variants will serve as a far more important basis of a predictive assay 
for radiosensitivity compared with functional assays. 

 

Key Research Accomplishments 

 
• No significant differences were detected in any of the functional end-points measured between patients 

who developed late complications compared with those that did not exhibit this type of radiation-induced 
morbidity. In addition, no significant differences in the results for the functional assays were identified for 
any ATM variant compared with wild type cells. 

 
 


